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RADIATION SAFETY ASPECTS OF NUCLEAR POWER PROGRAMS 
INTRODUCTION 
The u s e . o f  nuclear  power t o  genera te  e l e c t r i c i t y  has  l e d  
t o  t h e  development of new technology. No o t h e r  program i n  
human h i s t o r y  has been undertaken wi th  t h e  t o t a l  commitment 
t o  s a f e t y  a s  found i n  t h e  nuc lea r  power program.   his commit- 
ment t o  s a f e t y  both  f o r  p l a n t  opera t ing  personnel ,  f o r  t h e  
genera l  p u b l i c  and f o r  man's environment has  proven e f f e c t , i v e .  
Experience has demonstrated t h a t  p r e s e n t  technology i s  adequate 
t o  mainta in  r a d i a t i o n  doses i n  t h e  v i c i n i t y  of nuclear  power 
plants--on t h e  average--to smal l  percentages  of background 
r a d i a t i o n .  
' b  The nuclear  power i n d u s t r y  is. expanding r a p i d l y .  Con- 
. . 
s t r u c t i o n  and s t a r t u p  of nuc lea r  power r e a c t o r s  i s  proceeding 
a t  a f a s t  pac:e, wi th  t h e  number of opera t ing  power r e a c t o r s  . , 
. e . 
i n  t h e  United S t a t e s  expected t o  i n c r e a s e  from 21 a s  of March 
1971 t o  about  90 by t h e  end of 1975. S ince  t h e s e  f a c i l i t i e s  
cannot  o p e r a t e  wi thout  d i scharg ing  exceedingly small  b u t  . . 
measurable q u a n t i t i e s  of r a d i o a c t i v e  wastes  i n t o  t h e  atmos- 
phere and hyclrosphere, and s i n c e  no 100% a b s o l u t e  a s s u r a n c e .  
can be g iven  t h a t  s i g n i f i c a n t  i n a d v e r t e n t  r e l e a s e s  w i l l  never 
occur ,  segments of  t h e  pub l i c  have become i n c r e a s i n g l y  con- 
cerned about  t h e  r a d i o l o g i c a l  safety aspec tc  of nuc lea r  
f a c i l i t i e s .  
Nuclear power r e a c t o r  o p e r a t o r s  .are  r equ i red  by t h e  . . 
USAEC, a s  a  cond i t ion  t o  t h e i r  l i c e n s e ,  t o  monitor e f f l u e n t s  
from t h e i r  p l a n t s  f o r  r a d i o a c t i v i t y  and t o  c o n t r o l  such re- 
leases t o  s tandards  s e t  i n  t h e  i n t e r e s t s  of p u b l i c  h e a l t h  and 
s a f e t y .  I n  some i n s t a n c e s ,  S t a t e  h e a l t h  agencies  s e p a r a t e l y  
survey i n d i v i d u a l  f a c i l i t i e s  f o r  environmental  r a d i o a c t i v i t y  . . 
l e v e l s .  The USAEC a l s o  o b t a i n s  independent information on 
. r a d i o a c t i v i t y  d i scharges  and environmental r a d i o a c t i v i t y  
l e v e l s  through i t s  own o f f s i t e  s u r v e i l l a n c e  programs. In  t h e  
v a s t  m a j o r i t y  of i n s t a n c e s ,  changes i n  t h e  human r a d i o l o g i c a l  
environment a r e  n o t  observable  i n  t h e  "no i se  l e v e l "  of n a t u r a l  
background r a d i a t i o n .  
DESIGN FEATURES 
Nuclear power P l a n t s  have many advantages when compared 
t o  f o s s i l  fue led  power p l a n t s  wi th  r e s p e c t  t o . t h e  environmental  
contaminants,  bu t  t h e  f i s s i o n  process  i n e v i t a b l y  c r e a t e s  radio-- 
a c t i v e  products  w i t h  a  wide v a r i e t y  of chemical 'and radioac t iv t?  
p r o p e r t i e s .  The longer  a  nuc lea r  f a c i l i t y  o p e r a t e s  on a  given 
f u e l  loading ,  t h e  l a r g e r  t h e  inven to ry .o f  f i s s i o n  products  be- 
comes. Thus, when a  nuclear  power p l a n t  f i r s t  begins opera t ion ,  
t h e  only r a d l j a c t i v e  mzker ia ls  p r e s x t - a r e  t h e  n a t z r a l l y  L Y z Z ~ ~ ~  
a c t i v e  i s o t o p e s  comprising t h e  nuclear  fuel: Af te r  i n i t i a l  
ope ra t ion ,  some of t h i s  f u e l  inventory  i s  converted t o  f i s s i o n  
' p r o d u c t s  i n  t h e  fue l '  elements.  The r a d i o l o g i c a l  s a f e t y  of both  
p l a n t  personnel  and t h e  p u b l i c  i n  t h e  v i c i n i t y  of t h e  nuc lea r  
power p l a n t ,  obviously,  depends on mainta in ing  c o n t r o l  of t h e s e  
f i s s i o n  products .  
The primary o b j e c t i v e  of nuclear  power p l a n t  des ign  i s  t o  
-. mainta in  p o s i t i v e  c o n t r o l  over  a l l  r a d i o a c t i v e  m a t e r i a l s  under 
bo th  normal and abnormal opera t ing  cond i t ions .  
I- -. k' . . 
A )  F P s s f  on Product ~ s n t a i n m e n t  
To a s s u r e  t h a t  no course  of  even t s  can l ead  t o  a  s i g n i f i -  
c a n t  r e l e a s e  of r a d i o a c t i v e  m a t e r i a l ,  t h e  f i s s i o n  products  
genera ted  by nuclear  power p l a n t s  a r e  conta ined  w i t h i n  t h r e e  
b a r r i e r s .  F i r s t ,  a l l  f i s s i o n  products  a r e  held w i t h i n  f u e l -  
element c ladding ,  which i s  designed t o  withstand t h e  high 
temperature and i r k a d i a t i o n  cond i t ions  w i t h i n  t h e  r e a c t o r  co re .  
Should a l e a k  o r  l o s s  of t h e  fuel-element  c ladding i n t e g r i t y  
occur ,  t h e  r e a c t o r  coo lan t  system provides  a second conta in-  
ment boundary. This  containment boundary i s  a l s o  designed t o  
t-. withstand high-temperature,  high-pressure,  and h i g h - i r r a d i a t i o n  
' l e v e l s .  The coo lan t  w i t h i n  t h i s  system i s  c o n s t a n t l y  monitored 
4 t o  p;ovj.de -prompt d e t e c t i o n  of s i g n i f i c a n t  fuel-element  
f a i l u r e s .  I n  t h e  event  t h a t  t h i s  second boundary l a y e r  should 
be rup tu red ,  a t h i r d  .independent, o v e r a l l  containment c a p a b i l i t y ,  
a containment s h e l l  enc los ing  t h e  e n t i r e  r e a c t o r  i s  provided 
f o r  a l l  nuc lea r  power p l a n t s .  This  containment c a p a b i l i t y  
. i s . d e s i g n e d  t o  func t ion  under c o n d i t i o n s  imposed by t h e  worst  
hypo the t i ca l  acc iden t  t h a t  can be reasonably p o s t u l a t e d  and such 
' 
n a t u r a l  environmental s t r e s s e s  a s  se ismic  o r  tornado loads ,  and 
. . .  . . . . .  
3.. 
t o  hold e s s e n t i a l l y  a l l  r a d i o a c t i v e  m a t e r i a l  r e s u l t i n g  from * .- 
any reasonab le  combinakion of a c c i 2 m t  f o r c e s .  Th i s  containment . r ~  
s h e l l  and a s s o c i a t e d  safeguards  systems a r e , t e s t e d  be fo re  opera- 
t i o n  commences and p e r i o d i c a l l y  throughout opera t ing  l i f e  of '**> 
t h e  nuc lea r  power' p l a n t .  
The r e a c t o r  c o o l a n t  system provides  t h e  second containment 
boundary f o r  t h e  f i s s i o n  products .  Maintaining t h e  i n t e g r i t y  
of t h i s  boundary i s  a prime s a f e t y  o b j e c t i v e  i n  t h e  des ign ,  
f a b r i c a t i o n ,  and o p e r a t i o n  of nuclear  power p l a n t s .  Retent ion  
of t h e  r e a c t o r  coo lan t  w i t h i n  t h i s  boundary i n  many des igns  
a l s o  permi ts  l i m i t e d  core  h e a t  removal (cool ing of t h e  f u e l )  
even i n  t h e  even t  of s u b s t a n t i a l  reduct ion  of c o o l a n t  flow. 
. . 
Despite t h e  assurance  t h a t  a h i g h - i n t e g r i t y  c o o l a n t  bound- 
a r y  i s  provided f o r  t h e s e  p l a n t s ,  a f u r t h e r  l i n i  of  defense  i s  
' i ncorpora ted  t o  p r o t e c t  t h e  pub l i c  i n  t h e  u n l i k e l y  event  of a 
f a i l u r e  of t h i s  boundary. I f  t h e  r e a c t o r  c o o l a n t  boundary w e r e  
t o  break ,  t h e  f u e l  would overheat  and poss ib ly  mel t  i f  coo lan t  
w e r e  re in t roduced i n  a ve ry  s h o r t  t i m e .  To achieve emergency 
' c o r e  cool ing  nuc lea r  p l a n t s  a r e  furn ished  wi th  a s o p h i s t i c a t e d  
emergency core  cool ing  system which can accommodate a wide 
range of p o t e n t i a l  cool ing  system f a i l u r e s .  
I n  accordance wi th  t h e  philosophy of doing everyth ing  
p o s s i b l e  and p r a c t i c a l  t o  i n s u r e  t h e  pub l i c  s a f e t y ,  a d d i t i o n a l  
systems a r e  provided a g a i n s t  t h e  r e l e a s e  of f i s s i o n  products .  
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These g e n e r a l l y  f a l l  i n t o  t h r e e  c a t e g o r i e s :  containment and 
confinement, p r e s s u r e  r educ t ion ,  and a i r - c l ean ing  systems. 
0 
By f a r  t h e  most f a m i l i a r  safeguard i s  t h e  r e a c t o r  s h e l l  
containment system, which i s  i n  a d d i t i o n  t o  t h e  b u i l t - i n  con- 
tainment f a c t o r s .  This  i s  b a s i c a l l y  a p ressu re  s h e l l ,  designed \ 
t o  r e t a i n  t h e  energy s t o r e d  i n  t h e  r e a c t o r  coo lan t  o r  genera ted  
. . . . . by chemical r a d i o l y t i c  r e a c t i o n s ,  and t h e  r a d i o a c t i v e  m a t e r i a l s  
.$ 
~.:. which might ke r e l e a s e d  a s  a consequeI-tce of an acc iden t .  This  
y-. 
bar r . i e r  can be f a b r i c a t e d  of s t e e l  o r  r e in fo rced  o r  p r e s t r e s s e d  
.. . concre te ;  it may be a s i n g l e  o r  double b a r r i e r ;  and it may be 
maintained a t  normal atmospheric p r e s s u r e  o r  a t  subatmospheric 
pressure .  
Various a c c e s s o r i e s  and a u x i l i a r i e s  a r e  incorpora ted  i n t o  
t h e  containment: access  openings and c l o s u r e s  inc lud ing  a i r  
locks  f o r  personnel ,  v e n t i l a t i n g  a i r  i n l e t s  and f s o l a t i u n  
va lves ,  p e n e t r a t i o n  s e a l s  f o r  p ipes  and e l e c t r i c a l  l e a d s ,  and 
va lves  f o r  c l o s i n g  p ipes  which p e n e t r a t e  t h e  containment. 
S h r a p n e l ' s h i e l d s  a r e  included f o r  p r o t e c t i o n  a g a i n s t  m i s s i l e s  
which acc ident s  can c r e a t e .  These s a f e t y  systems a r e  designed 
. w i t h  s p e c i a l  f e a t u r e s  f o r  p r o t e c t i o n  a g a i n s t  ear thquakes and 
high winds. 
B) Containment Systems Z e l i a b i l i t y  
. . The r e l i a b i l i t y  of containment and o t h e r  engineered safe-  
guard systems i s  an  important  f a c t o r  i n  t h e  o v e r a l l  s a f e t y  of 
nuc lea r  power p l a n t s .  A system which appears  h igh ly  e f f e c t i v e  
under c a r e f u l l y  c o n t r o l l e d  c o n d i t i o n s  i s  worse t h a n  u s e l e s s  i l i  
it cannot  be counted upon t o  f u n c t i o n  when needed. 
L. 
' I n  des ign ing  engineered safeguards  f o r  maximum r e l i a b i l i t y ,  
s e v e r a l  f a c t o r s  a r e  cons idered .  S t a t i c  systems and dev ices  a c e  
used whenever p o s s i b l e  r a t h e r  than  t h o s e  which r e q u i r e  e l e c t r i c a l  
.- . . or mechanical a c t i o n .  Mechanical dev ices  a r e  designed t o  fai : i  
i n  t h e  s a f e  p o s i t i o n ,  s o  p r o t e c t i o n o w i l l  n o t  be . l o s t  dur ing  
+ .  power f a i l u r e  o r  o t h e r  malfunct ion.  They a r e  a l s o  designed 
t o  o p e r a t e  a f t e r  long pe r iods  of i n a c t i v i t y .  And, an obvious 
- .  . p o i n t  which should n o t  be overlooked, safeguard  systems need 
. . . . t o  be designed t o  o p e r a t e  under a c c i d e n t  condi t ions- -not  j u s t  
. . .  under i d e a l i z e d  des ign  and t es t  c o n d i t i o n s .  . . .  . . 
. . 
. . 
. - .  ' . I., 
. . 
. . . .  , . . . . . ..;. For  t h e  c r i t i c a l .  subsystems upon which tlie e n t i r e  opera- 
t i o n  of t h e  containment system depends, m u l t i p l e  o r  redundant 
systems are r e q u i r e d .  This  i s  p a r t i c u l a r l y  t r u e  f o r  instrumenta-  
t i o n  which s e n s e s  t h a t  an a c c i d e n t  has  occurred ,  p rov ides  an 
a l a r m ,  o r  i n i t i a t e s  p r o t e c t i v e  a c t i o n .  A h i g h l y  r e l i a b l e  . . 
mechanical dev ice  i s  of no u s e . i f  t h e  s e n s o r s ,  c i r c u i t r y  and/or 
power supply which cause  i t ' t o  f u n c t i o n  a r e  u n r e l i a b l e .  Spurious 
- .  
" s i g n a l s  which cause  a s a f e t y  s y s t e m . t o  a c t u a t e  i n  e r r o r  could  
- - .  . ' ' cause  s e v e r e  o p e r a t i n g  d i f f i c u l t i e s .  For  t h e s e  r easons ,  s e v e r a l  
independent s e n s o r s ,  sometimes opera t ing  i n  coinc idence ,  may be 
I,*; . . . .  used t o  a u t o m a t i c a l l y  a c t u a t e  a safeguard d e v i c e  or provide  an 
7% 
: alarm. Two complete and independent containment-closure d e v i c e s  
.(and a s s o c i a t e d  c o n t r o l  systems) may b e  used i n  c e r t a i n . c r i t i c a 1  




Ideally, all safeguard systems should use components which - 
are normally in operation, thus continuously used and their 
functioning noted. However, containment systems and several 
other components of engineered safeguards systems are not normal- 
ly called upon to function; hence, their action is not checked 
by normal operation. . It is, therefore, particularly important: 
that careful inspection, testing, and maintenance of these safe- 
guard systems be carried out toassure their continued operability 
and effectiveness. This implies that adequate administrative 
and technically sound procedures for performing these functions 
are available, and the control necessary to assure that these 
procedures are followed is exercised. 
C). Design Basis Accident 
The limiting, or hypothetical, accident model used by the 
USAEC is defined in 100CFR100, "Reactor Site Criteria." This, 
model, which deals with a loss-of-coolant accident, is referred 
to variously as the "maximum hy.pothetica1 accident" or "design 
basis accident" (DBA). It assumes' an instantaneous severance 
of the largest pipe in the coolant system, postulates a melt of 
a gross amount of the fuel, and neglects the effects of emergency 
core-cooling systems and any population control measures. To 
deal with the release, a combination of consequence-limiting 
safeguard systems is required, which need to be sufficient to 
reduce the calculated doses to people in the neighborhuud of 
the plant to prescribed levels, normally 25 rem whole body ex- 
posure and 300 rem thyroid exposure.' '" 
In making the calculation the fission product releases 
into the reactor building containment are specified to be 100% 
o f  the equilibrium core inventory of noble gases, 50% of the 
halogens, and 1% of the solids in the fission product inventory. 
Of the released halogens, 50% are assumed to deposit on the 
\ 
s u r f a c e s  i n s i d e  containment,  leaving  only  2 5 %  of t h e  co re  
inventory  a v a i l a b l e  fo'r leakage. I n  a c t u a l i t y ,  such a re- 
l e a s e  could no t  occur u n l e s s  a l l  t h e  redundant emergency core-. 
cool ing  systems malfunct ion.  The combined p r o b a b i l i t y  of 
both  t h e s e  f a i l u r e s  and t h e  p ipe  r u p t u r e  i s  s o  small  a s  t o  be 
numerical ly  inde f inab le .  I t  i s  c e r t a i n l y  much smal ler  than  
s i m i l a r  f a i l u r e  p r o b a b i l i t i e s  i n  o t h e r  engineered s t r u c t u r e s  
such a s  dams, a i r c r a f t ,  b r idges ,  and chemical process  equip- 
ment, whose f a i l u r e  would have major s a f e t y  impl ica t ions .  
/ 
Meteorological  c i rcumstances presumed t o  e x i s t  a t  t h e  t i n e  
of t h e  acc iden t  r e p r e s e n t  those  l e a s t  fav.orabl'e a t  t h e  s i t e  under 
cons ide ra t ion .  f o r  t r a n s p o r t  and d i f f u s i o n  of r e l e a s e d  gases  and 
vapors--usually a moderately severe  inver s ion  coupled wi th  l i g h t  
' winds, which a r e  assumed t o  be i n v a r i a n t  i n  d i r e c t i o n  dur ing  t h e  
f i r s t  phase of r e l e a s e .  \..< 
\ 
\ 
-3. .+ ' . P r o t e c t i o n  i s  ass?~med t o  be z f f ~ z d e d  only  by t h e  qn-ca.lQ,d. 
' "pass ive"  systems; i . e . ,  those  f o r  which no system a c t i o n  i s  
r e q u i r e d ,  such a s  t h e  containment system. Limited o r  p a r t i a l  
, . p r o t e c t i o n  i s  c r e d i t e d  t o  such a c t i v e  consequence-limiting systems 
a s  sprays  and charcoal  f i l t e r s ,  i n  which p&ps, blowers,  v a l v e s ,  
e t c . ,  a r e  r equ i red  t o  opera te .  No c r e d i t  i s  granted  f o r  evacua- 
t i o n  o r  o t h e r  popula t ion  p r o t e c t i o n  measures which may be executed 
i n  a reasonable  per iod  of t ime. . . 
e With t h e s e  extremely s t r i n g e n t  ground r u l e s  f o r  eva lua t ion ,  
. nuc lea r  p l a n t  sites and t h e  a s s o c i a t e d  engineer ing  safeguard 
i t  b' . . systems need meet t h e  dose c r i t e r i a  s p e c i f i e d .  Obviously, a c t u a l  
exposures t o  members of t h e  pub l i c  would be very much less, i f  
only  because of t h e  funct ioning  of d u p l i c a t e  p l a n t  safeguard 
systems (which a r e  provided i n  r e p l i c a t e  and requ i red  t o  be 
t e s t e d  p e r i o d i c a l l y  throughout t h e  p l a n t  l i f e ) .  Other emergency 
measures would be brought i n t o  p lay  depending upon t h e  cond i t ion  
of t h e  p l a n t  and t h e  a c t u a l  d i s p e r s i o n  c o n d i t i o n s  which 
e x i s t e d  a t  t h e  t ime.  
.The phi losophy of d e s i g n  and s a f e t y  assessment  used by t h e  
n u c l e a r  power i n d u s t r y ,  which p o s t u l a t e s  a  d e s i g n  b a s i s  a c c i d e n t  
t o  d e f i n e  boundary c o n d i t i o n s ,  p rov ides  a b u i l t - i n  mechanism ::or 
' 
p u b l i c  misunders tanding.  I f  s a f e t y  ' s y e t e m s  a r e  r e q u i r e d ,  and - 
* t h e n  assumed n o t  t o  f u n c t i o n  s o  t h a t  subsequent  consequences can  
be examined, t h e  hypo thes i s  c a n  e a s i l y  b e  t aken  a s  a v o t e  of  20 
conf idence  i n  r e l i a b i l i t y  and a v a i l a b i l i t y .  Th i s ,  i n  f a c t ,  a p p e a r s  
t o  be  t h e  c a s e .  S ince  t h i s  approach t o  s a f e t y  assessment ,  which 
has  prov ided  a  h igh  deg ree  of p u b l i c  s a f e t y ,  i s  . no t  found i n  a t h e r  
s i m i l a r  i n d u s t r i a l  a c t i v i t i e s ,  a problem i s  c r e a t e d  which needs  t o  
be  f aced  by t h e  n u c l e a r  power community: t o  e x p l a i n  t o  t h e  p u b l i c  
t h e  n a t u r e  and b e n e f i t s  of  t h e s e  assessments .  Unless  such ex- 
p l a n a t i o n  can  be made and accep ted  b y - t h e  p u b l i c ,  t h e  d i f f i c u l t i e s  
t h a t  r e s u l t  from t h i s  r i g o r o u s  s e l f - a p p r a i s a l  t e chn ique  appear  




D) Rad ioac t ive  Waste Genera t ion  
. k a d i o a c t i v e  was te  a t  a n u c l e a r  power s t a t i o n  i s  produced 
as  a by-product  of t h e  f i s s i o n  p r o c e s s  w i t h i n  t h e  f u e l  e lement  
and from neu t ron  a c t i v a t i o n  of s t r u c t u r a l  m a t e r i a l s ,  c o r r o s i o n  
p r o d u c t s ,  a n d  c o o l a n t  i m p u r i t i e s  w i t h i n  t h e  r e a c t o r  v e s s e l .  The 
c h a r a c t e r i s t i c s  of t h e  r a d i o a c t i v e  was te  from a p a r t i c u l a r  
- .-. power p l a n t  a r 6  h i g h l y  dependent  on t h e  t y p e  o f  r e a c t o r  system 
used.  N a t u r a l l y ,  t h e  c h a r a c t e r i s t i c ;  of  wastes s t r o n g l y  i n f l u -  
bj .' ence  t h e  d e s i g n  of  a p a r t i c u l a r  was te - t rea tment  system. 
The q u a n t i t y  of f i s s i o n  p roduc t s  w i t h i n  t h e  r e a c t o r  f u e l  
e lement  depends upon 1) t h e  average  power l e v e l  of  t h e  r e a c t o r ,  
2 )  t h e  f u e l  r e s i d e n c e  t i m e  i n  t h e  c o r e ,  and 3 )  t h e  time t r a n s p i r e d  
f o r  r a d i o a c t i v e  decay.  T y p i c a l l y ,  abou t  1 .8  x  l o 6  c u r i e s  of 
, 
r a d i o a c t i v e  f i s s i o n  products  would be i n  t h e  r e a c t o r  c o r e  per . . 
megawatt of r e a c t o r  power one hour a f t e r  shutdown fo l lowing 
a  two-year opera t ing  cyc le .  A t  one day a f t e r  shutdown, t h e  
6 a c t i v i t y  would decay t o  about  10 Ci/megawatt; t h e  inventory  
of t h e  most b i o l o g i c a l l y  s i g n i f i c a n t  r ad ionuc l ides  f o r  t h i s  
opera t ing  h i s t o r y  i s  shown i n  Table I.  Shor ter  i r r a d i a t i o n  
. . 
Y 
. t imes r e s u l t  i n  lower i n v e n t o r i e s ;  however, a f t e r  a  few w e e k s  . . 
of opera t ion ,  t h e  f i ss ion-product  inventory  'of t r i t i u m  i s  pro-. 
duced w i t h i n  t h e  r e a c t o r  f u e l  element by t e r n a r y  f i s s i o n .  
I n  a d d i t i o n  t o  t h e  f i s s i o n  products  generated w i t h i n  t h e  
f u e l  e lements ,  small  q u a n t i t i e s  of ~ a d i o i s o t o p e s - - s u c h  a s  
those  of i r o n ,  chormiurn, c o b a l t ,  and maganese--are produced 
from neutron a c t i v a t i o n  of co r ros ion  products  which normally 
form dur ing  r e a c t o r  opera t ion .  Normally t h e s e  i s o t o p e s  a r e  
. . 
. en t ra ined  i n  t h e  c i r c u l a t i n g  coo lan t .  . Both s o l u b l e  and i n -  
.. . s o l u b l e  compounds of t h e s e  r ad ionuc l ides  a r e  formed. They 
: P .. u s u a l l y  can 5 e  remove2 from t h e  ccr\l3nt by a p p r 0 ~ r i a t . e  :?re .cf.+ I . -  
. . f i l t r a t i o n ,  ion  exchange, and evapora t ion .  The r e a c t o r  coo la r l t '  
. water i t s e l f  i s  s u b j e c t  t o  neutron a c t i v a t i o n ,  producing small- 
. - q u a n t i t i e s  of ' l G N  . The i n t r o d u c t i o n  'of boron and l i t h i u m  
i n  t h e  coo lan t  of p ressu r i zed  water  r e a c t o r s  t o  c o n t r o l  co re  
r e a c t i v i t y  has t h e  simultaneous e f f e c t  of genera t ing  t r i t i u m  
by neutron absorp t ion  by t h e  boron. 
. TABLE 1 
Inventory of Se lec ted  Radionuclides' Following' Two'-Year 
, Operation' wi th  '1.-Day' Decay 
- - - - -- 
Selec ted  Iso topes  Half-Life A c t i v i t y  i n  Fuel 
kCi/MWt . ' 
51 days 
58.8 days 
66.6 h r  2% 
8-06 days 
5.3 days 
.'2.06 y r  
78 h r  
20.8 h r  
13 days 0.74 
13 days 
E) Radioactive .Waste Management 
The typical nuclear power plant design objective is 
to process and recycle waste'streams so as to minimize 
both volume and radioactivity of effluents wherever prac- 
tical. Releases to the environs. are controlled by batch 
processing andlor continuous monitoring before discharge 
to.assure that no release wil1,exceed established limits. 
The waste management techniques in curren,t use for 
gaseous waste are: (1) holdup and decay, (2) filtration, 
and (3) cryogenics. Holdup and decay refer to storing 
waste long enough to decrease the associated treatment prob- 
lem or hazard by permitting some radioactive decay to occur 
before release. The usefulness or efficacy of this technique 
as a means for reducing activity levels in gaseous wastes 
depends on the particular isotopes present. In a typicai 
boiling water reactor, BWR, an overall decontamination factor 
(DF) of 48. -.ay be exp~,zted. from 2 aS+minute delay for a t .. -=?-.. 
representative gas mixture. . \ 
Reservoirs intended to achieve gas holdup times of 
several days or more need to be designed in such a manner 
to assure that the gas is not released prematurely as a 
result of mixing gases generated at different times. The 
design should, therefore, utilize either very l'ong, narrow 
passages to minimize mixing effects or alternately, a series 
of separate chambers which are filled, left undisturbed for 
a predetermined time, and then discharged sequentially. In 
either event, the volumetric storage capacity of such a 
system should be roughly proportional to the delay time 
selected. 
Filters collect radioactive solid particles formed when 
a gaseous parent nuclide decays to a particulate radioactive 
daughter. The performance of High-Efficiency Particulate Air 
(HEPA) fi1tkrs.i~ well documented. ' Tests run have indicated 
removal efficiencies'of 99.97% as a minimum' for typical HEPA 
filters. For maximum effectiveness, HEPA filters should be 
placed where the particulate concentration is highest. For 
off-gas systems in water-cooled reactors, this location is 
just below the point in the stack from which the gas is 
released, thus allowing a maximum of transport time for gaseous 
radionuclides to decay to particulate daughter products befcre 
filtration. 
Liquid waste management systems currently employ four 
basic treatment techniques to reduce levels of radioactivity. 
These techniques are : (1) holdup -and decay, (2) filtration, 
(3) evaporation, and (4) demineralization. A final reducticn 
in liquid radionuclide concentrations is achieved by dilution 
of the wastes in the condenser cooling water to insure that 
radionuclide concentrations are at the lowest level possible 
i 
before reaching the site boundary. 
\ 
~ 0 1 d . u ~  and decay for liquid waste is 'identical in prin- 
ciple to that for gaseous waste, although little reduction in 
liquid radioactivity levels is accomplished by this method. 
Radionuclides found in liquid radioactive waste have rela- 
tively long half-lives, since.short half-life radionuclides 
. . decay away in the time it takes for their transfer through 
. . the plant. A relatively.long holdup time would be needed 
to achieve any appreciable reduction in liquid-waste radio- 
' ... . activity levels--it is estimated that approximately 40 days 
would be required to reduce typical liquid waste radioactivity 
b' ' .  levels by about a factor of 5. Filtration is usually utilized 
as the sole means of radioactive waste treatment for waste 
streams containing primarily insoluble or particulate contami- 
nants. . . 
Evaporation separates water from nonvolatile dissdlved . . 
and insoluble radioactive wastes by boiling. This results 
in a concentration of the wastes, permitting easier ulti- 
mate disposal. The efficiency of evaporation for radioactive 
waste treatment can vary widely, depending on the radioactive 
materials present. Overall DFts of' lo2 to lo5 (between 
feed and condensate) are experienced, depending on the mass 
velocity of the vapor in the evaporator and decontamination 
efficiency for nonvolatile radioactive contaminants. If 
volatile radioactive materials such as tritium, iodine, or 
ruthenium are present the overall BF may.be substantially 
reduced, due to carryover of these materials. 
. . The efficiency of ion-exchange treatment of waste streams 
depends on the type, composition, and concentration of waste 
liquid, the type of exchanger, regeneration methods, radio- 
nuclides present, and operating procedures. Decontamination 
factors as low as 2 and as high as la5 are reported. Uniy -:. 
low total dissolved and suspended solids waste can be pro- 
cessed efficiently by ion exchange, because bed exhaustion 
occurs rapidly for liquids with a high total dissolved- 
solids content. Also, suspended solids will clog an ion 
exchanger and prevent its efficient operation. Thus, the use 
of ion-exchange treatment needs to be restricted to radio- 
active wastes with low total dissolved solids and low sus- 
pended solids. 
a 
Dilution of liquid wastes and gases has been used to 
bring the concentration of radionuclides within acceptable 
limits for discharge. This approach is based on the premise 
that concentration needs to be maintained'below specified 
values to control both direct ingestion and indirect ingestion 
of aquatic or marine species whose radioactivity uptake is 
directly proportional to the discharge concentration. If the' 
\ .  
receiving body of watqr is restricted, as in the case of a 
cooling pond or lake, dilution becomes less useful. The total 
quantity of radioactive material released in this case needs 
to be decreased due to accumulation and recyling of the 
effluent stream. 
ENVIRONMENTAL SURVEILLANCE 
All facilities which have a significant potential for 
environmental contamination require some degree of environ- 
mental surveillance. 
Nucl-ear power plants will normally - have process controls 
and equipment designed to limit the release of radioactive 
material to the environs, and provisi.ons for monitoring of the 
liquid and gaseous effluents. Depending upon the nature and 
quantities of radionuclides being released an environmental 
surveillance program around such facilities may range in 
complexity from simple confirmation of the effluent monitor- L 
ing results up-to a complex network of field measurements, 
\ 
sampling and laboratory analysis. 
A) Objectives of Environmental Surveys 
Several objectives often stated for environmental sur- 
vey programs are listed in Table 2. 
TABLE 2 . . 
Purposes of Environmental Surveys 
1. Radiological Protection of People 
2. Audit Containment Systems and Effluent Mnitoring 
3. Maintain Public Acceptance of the Nuclear Facility 
4. Fulfill Regulatory Requirements 
7. Legal Protection f r o m  Liability Actions 
The primary consideration should be radiological pro- 
tection of the public. The other considerations relate to 
the primary objective since the purpose of regulatory require- 
ments is primarily radiation protection. Two others often 
mentioned as objectives are both related to public relations-- 
maintaining public acceptance of the nuclear facility and 
gathering of data for protection against liability claims. 
In nearly all instances an environmental survey program 
designed around the primary objective of radiological protec-: 
tion will either satisfy the other objectives Qr can be made 
to satisfy them with only slight additions and alterations. 
Overly elaborate environmental nlonitoring programs are 
not only economically unsound but excessive sampling and meas- 
urement in the environs might arouse unwarranted fears in the 
public. 
. In the early days of the atomic energy program it was 
not always possible to relate the environmental monitoring 
data to a parameter that could be used to express actual 
population risk. Early programs consisted of sampling and 
analyzing environmental media, seeking for radioactivity 
and attempting to explain its presence there. Today it should 
be possible to relate radioactivity in the environment to 
radiation exposure of people and thus to evaluate 'the impact 
of a nuclear facility in terms of the radiation dose received 
by residents in the vicinity of the plant. 
. . . . . . . . . 
B) ~eveio~ment of. Envi.ronmenta:l' :Survei;l:la~ce program . 
- ... . . 
If the objective of the surveillance program is to ensure 
that acceptable doses are not exceeded, meas.urements need to 
be made which will allow tissue doses to be calculated. It 
d .  follows that the most profitable measurements will be those 
which can be made on the materials which provide a direct 
source of exposure, whether air, water, food or some other 
material. In certain cases, however, measurements on materials, 
which do not constitute a direct source of exposure to man but 
which are good indicators of environmental contamination, can 
be used to evaluate the trend of this contamination. 
Development of the surveillance program needs to start 
with the facility itself, work through the environmental and 
population factors operating between the points of release 
and the points of public exposure, should consider the poten- 
tial radiation doses to the public, and then should come 
full circle back to the facility by relating public exposure 
to specific release rates .of the various radionuclides in- 
volved. Table 3 illustrates the evaluation of radiation dose 
and the related environmental measurements. 
The first column in the table'lists 'five principal steps 
in the process, the second column lists the factors to be 
considered at each step, the methods of evaluation are given 
in Column 3, and the last column indicates the standards 
against which the results of the evaluation are to be compared. 
. . 
Step A requires a thorough knowledge of the facility :- 
itself--what processes are involved? What radionuclides are hi 
to be released routinely and id what quantities? How are 
they to be released? Are the methods chosen for effluent 
monitoring sufficient to evaluate the potential impact of the 
routine releases in the environs? What is the potential for 
accidental release of additional radionuclides or of greater 
quantities than normal? Will accidental releases be detected 
accurate'ly and rapidly enough to permit proper environmental 
assessment and control? 
Step B involves knowledge of the environmknt and the 
possible interaction of the environment with the released 
material. Studies of the meteorology, hydrology, and aquatic 
and terrestrial biology of the environs are required to deter- 
mine the behavior of the particular chemical and physical forms 
of the radionuclides released. The behavior after release, 
of course, can be monitored by sampling of environmental media 
such as air, water, foods, so i l  and sediment. 
TABLE 3 
Evaluation Chart - ~nvironmenta'l. Popu.lation. Dose 
Step - Factors 
A. Release Concentration 
Rate of Release 
B. Dispersion, Meteorology, 
Reconcentra- Biology, Hydro- 
tion logy, Physical 
and Chemical 
Forms 







Measure Fraction of 
Environmental MPC, or MPC;, 
Media - Air, [Concentra-. 
Water, Foods tion Factors) 
Diet Surveys, ICRP - vCi/day 
-Studies of the 
Uses of Environs 
D, Retention Percent Uptake, Bioassay, MPBB s 
Biological Half- Whole-Body 
Life, Distribu- Counting 
tion in Body I, 
\ 
E. - Dose . Body Dimensions, calculate Doses ~ C - ~ F R - ~ C  y 
. . QF, DF, to Maximum AEC Manual, 
. . Rads/pCi Individual, NCRP, ICRP 
. . Population ~ a 
Average Adult, 
. Child 
Step C is related to aetermination of the human factors 
which influence the impact of the released material. What are 
the dietary habits of the local population? What are the 
sources of their food? What recreational habits might affect 
their exposure? If data are not readily available to answer 
these questions, then special studies may have to be under- 
r , .  . . 
taken to ' gather them. 
, . The last two steps, Steps D and E, normally involve only 
paper studies utilizing the data available from the previous 
steps. Using the parameters defined by the ICRP for the Stan- 
dard Man and the literature data on physiological parameters 
of other ages, one can estimate the long-term accumulation of 
radionuclides in the body from the intakes previously derived. 
Then the radiation doses can be calculated for comparison wi$h 
-17- . 
,the appropriate guides and standards. Confirmation of reten- 
tion and accumulation of radionuclides in the body, when 
these represent a significant fraction of the maximum allow- 
able amounts, can be made through -- in vivo or whole-body 
counting of appropriate members of the general public. 
Once these doses are estimated'one can proceed back up : 
the last column of the evaluation chart deriving the maximum 
.allowable rel.eases of the radionuclides and establishing the 
+ 
relationship between actual release and potential doses to .. 
people. If it turns out that the releases are only a small 
fraction of those which would resuat in residents receiving 
the maximum allowable doses, then environmental monitoring 
can be limited to a few simple measurements of indicator 
materials to confirm the effluent monitoring results. ,. 
On the other hand, if the releases are such that the 
radiation doses received by the public will closely approach 
-** the limiting values, then a -comprehznsive progra::, of saz-+llr-'jf 
and analysis of air, water, foods, soil and external dose 
rates needs to be instituted. The foregoing review in terms 
of radiation dose and the environmental and human factor 
influencing the behavior of the radionuclides should have 
identified the "critical" nuclides and "critical" pathways 
of exposure which need to be monitored. 
After an environmental monitoring program is established 
it should be reviewed periodically to ensure that it is properly 
formulated and that it still is meeting its objectives. Exper- 
ience may have reaffirmed relationships between quantities 
released and environmental measurements, allowing for a reduc- 
I 
tion in the scope of the surveillance program; or the nature 
and quantities of radionuclides released from the facility 
may have changed requiring a shift in the emphasis of the 
environmental program. 
I -18- 
C) Radiation Guides and Standards 
  he' International Commission on Radiological Protection 
(ICRP) and the National Council on Radiation Protection and 
Measurement (NCRP) have been active in the development of 
standards for protection against ionizing radiation for the 
past forty years. 
Figure 1 illustrates the current radiation standards 
for the general public as spelled out by the USAEC. Two 
sets of limits are quoted--one for ccntrolling the exposure 
to an individual member of the population and the. other for 
the average exposure to the generai public. The whole-body 
. . 
limit for the general population can be derived from the . 
recommendation that the dose to the gonads be limited to a 
total of 5000 mrem up to the mean reproductive age of 30 years. 
The principal limit promulgated by the USAEC for nuclear 
. "". -- facilities has been the one of 500 mgem/year to the.whole body 
of an individual. Because of the geographical location of 
nuclear facilities in relation to the surrounding populations, 
it is not feasible to imagine a situation where the average 
exposure to a significant number of people could approach 
the limit of 170 mrem/year. 
The ICRP, in their publication 7, have discussed environ- 
, . . mental monitoring and have defined the critical population 
group whose radiation exposure is to be compared against the 
recommendations for the maximum permissible doses for indivi- 
- .  dual members of the public. Their definition is - 
- .  
"The critical group should be identified in such a 
way that it is representative of the more highly 
exposed individuals in the population and is as homo- 
. genous as practicable with respect to radiation dose; 
that is, with respect to those factors which affect 
-the dose in the specific case considered." 
. .~ ,. . I t. 
I*" .*'. , 
Dl Pathways of Envi.ronmenta:l' Exposure 
The principal pathways by which radioactive materials 
released to the environs can reach and expose people are 
illustrated in Figure 2. Included in this figure are the 
environmental parameters (Step B) and the human parameters 
(Step C) mentioned in Table 3. 
External exposure can be received from exposure to the 
cloud of radioactive gases released from a nuclear facility, 
from swimming or boating in and on waters contaminated from 
liquid effluents, contact with ground or objects contaminated 
via deposition from airborne or waverborne radionuclides. 
Internal dose can result from inhalation of air or 
irigestion of water and foods containing the released radio- 
nuclides. The pathways by which the foods become contami- 
nated from releases to air and water are also shown. For 
example, chickens could ingest radioactive materials with .: 
their drinking water, with insects, or with feed grown on 
contaminated ground or irrigated with contaminated water. 
Detailed studies of the behavior of radionuclides in 
the 'several environmental media are not always available, but 
much is known at least in general terms about the most 
important radionuclides. Habits of the local population 
which might affect their radiation dose vary with each indi- 
vidual site and should be determined before the environmental 
- 
survey is designed. 
State and Federal agriculture, recreational, and fish 
- .  
and wildlife agencies can be of assistance in defining these 
parameters. Sometimes special studies of the local population 
are required, especially if specific critical pathways are 
involved. Examples of the latter include the consumption of 
Laverbread by persons in the vicinity of the Windscale facility 
in the U. K., consumption of oysters in the vicinity of the 
4 I 
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' . Bradwell nuclear power station, U. K. and the consumption 
of Columbia River fish harvested downstream of the USAEC1s 
production reactors at Hanford. These three examples are 
illustrated in Figures 3, 4 and 5. 
E) Environmental Surveillance Programs 
1) Preoperational Surveys 
The operator of a nuclear establishment is held res- 
ponsible only for that radioactive material which the parti- 
cular plant has added to the environment. To assess his 
contribution it may be necessary to-interpret the results of 
operational surveys in the light of pre-existing levels of 
radioactivity in the environment. 
-.. 
Other sources of environmental radiation and contamina- 
tion are: o '\ 
\. 
(i) Naturally occurring radiation and radioactive 5 
\ materials; 
, 
(ii) Fall-out from nuclear explosions; . 
C i i i )  Nuclear establishments other than the operatorts, 
Preoperational measurements of radioactivity in the 
environment may occasionally reveal unexpected local envir- 
onmental radioactivity which could otherwise have been attri- 
buted to the operation of an establishment. Perhaps the most 
important function of a preoperational survey is to train 
staff in sampling and analytical techniques. To do this, 
methods used in a pre-operational survey for radioactivity 
should be identical with those to be used in the routine 
surveys. 
Samples of air, water, soil and plant and animal life 
should be collected and analyzed for those radionuclides 
which will be of interest when the facility becomes operational. 
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In'preoperational surveys around reactors, it may be suffi- 4 
cient to measure external gamma dose rates, gross beta or 
gamma activity in air, water, soil and biological materials. 
A few measurements for 'OS~ might be made to determine the 
contribution from fallout. 
Also included should be measurements of meteorological 
and hydrological parameters likely to effect the dispersal 
of released effluents. The survey should extend over a period 
of 12 to 18 months, and include two growing seasons. By the 
' . time the facility is operational, the particular vegetation, 
animals, water sources, etc. , likely to concentrate released 
nuclides should have been indicated. Routine operational sur- 
veys can be designed on the basis of this information. 
2) Operational Surveys \ 
is, 
Data gathered during environmental sLrveys performed 
after a nuclear faci1,ity begins c?yera.tion can be used tc?' ,- .&. 
evaluate the effluent controls. For.larger installations 
releasing significant quantities of radionuclides to the 
environs, the data should also be used to estimate the radia- 
tion doses received by the population residing nearby. Dis- 
charge data should be available to those responsible for 
environmental surveillance whether these persons are a part 
. sf the operator's.organization, a separate company, or a 
state or federal health agency. Availability of such data 
is necessary if the relationship between radioactive discharges 
and environmental survey results is to be established. 
a) Man-itoring related to releases to the atmosphere 
Figure 6 illustrates some of the environmental media 
which might be sampled to determine the human exposure result- 
ing from releases of radioactive materials to the atmosphere, 
Gamma radiation, either directly from the released cloud or 
from material deposited on the ground can be measured by 
, 

integrating type dosimeters -continuously exposed at a fixed 
station and then read periodically. The biggest difficulty 
is to 'detect small changes in the background exposure rates ' . 
. . 
(which normally range from 10 to 20 pR/hr). 
In the past, attempts have been made to use standard 
personnel dosimetry film for these measurements. However, 
.the film is not sensitive enough to detect the small incre- 
mental doses from the plant without exposure periods of a 
month or more. During this long period high temperatures 
and excessive moisture often caused erratic, high results. 
Energy compensated G.M. Tubes'h~ve also been used 
to measure (and record) ambient gamrnz exposure rates. Here 
again the'sensitivity limits the. detection to changes on 
the order of natural background levels or higher. 
5 
Small ion chambers (such as Victoreen Stray Radiation. 
.Chambers) with special readout can measure the small doses L 
involved, but care should be taken to minimize leakage through 
the insulators. Thermoluminescent dosimeters (TLDts) are 
now being employed at some ties for measurement of environ- 
mental gamma doses. A recent development at Hanford has been 
an appropriate shield and methods for calibration and anneal- 
ing, which together allow the use of TLD-200 (CaF2:Dy) chips 
to measure doses as low as a few mR accumulated over a two 
or three week period. 
The most widely used method for monitoring airborne 
,radioactive'materials is to draw an air sample through a 
filter at a fixed flow rate, and then periodically to collect 
the filter for laboratory analysis. The measurement of alpha 
activity on the filter is complicated by the fact that the 
atmosphere normally contains natural alpha activity in concen- 
trations of the long-lived materials one might wish to measure. 
Fortunately, the natural alpha-emitting radionuclides in the 
atmosphere are short-lived and if, one permits them to decay 
/ 
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f o r  s i x  o r  e i g h t  hou r s ,  t h e y  w i l l  have decreased  t o  a  l e v e l  
which makes it p o s s i b l e  t o  measure t h e  presence  of l ong - l i ved  
. . 
. .  e m i t t e r s .  
A somewhat more r e l i a b l e  p rocedure  i s  t o  count  t h e  f i l t e r  
a t  two d i f f e r e n t  s t a n d a r d i z e d  t imes  a f t e r  c o l l e c t i o n ,  such a s  
s i x  hour s ,  and f o r t y - e i g h t  hou r s ,  and t h e n  t o  u t i l i z e  a  nomo- 
graph t o  c o r r e c t  f o r  t h e  s h o r t - l i v e d  r a d i o n u c l i d e s  p r e s e n t  
on ' t h e  f i l t e r .  
. 
Concen t r a t i ons  o f  n a t u r a l l y  occu r ing  b e t a  e m i t t e r s  i n  
t h e  atmosphere a r e  about  t h e  same o r d e r  of magnitude a s  t h e  
a lpha  e m i t t e r s .  However t h e  M P C 1 s  of most b e t a  emitters a r e  
h igh  enough s o  t h a t  s i g n i f i c a n t  i n c k e a s e s  above background can  
be d e t e c t e d .  Here a g a i n ,  a s h o r t  decay p e r i o d  a f t e r  t h e  i n i t i a l  
c o l l e c t i o n  w i l l  p e rmi t  t h e  n a t u r a l  r a d i o a c t i v i t y  t o  d e c r e a s e  
t o  n e g l i g i b l e  l e v e l s .  
S e v e r a l  t y p e s  of f i l t e r  paper  a r e  a v a i l a b l e  f o r  a i r  samp- 
l i n g .  P l a s t i c  membrane f i l t e r s  have--a h igh  c o l l e c t i o n  efce-. .. - . 
c i ency  f o r  submicron p a r t i c l e s  and w i l l  r e t a i n  t h e  c o l l e c t e d  
d u s t  nea r  t h e  s u r f a c e  where any a l p h a  emitters p r e s e n t  can  be  
d e t e c t e d  e f f i c i e n t l y .  
Ai rborne  r a d i o i o d i n e  can be sampled by drawing a i r  th rough  
s m a l l  c h a r c o a l  c a r t r i d g e s .  Both i n o r g a n i c  and o r g a n i c  forms 
of i o d i n e  w i l l  be c o l l e c t e d  e f f i c i e n t l y  i f  t h e  t empera tu re  and 
humidi ty  a r e  n o t  e x c e s s i v e ,  and i f  t h e  f a c e  v e l o c i t y  of  t h e  a i r  
. th rough  t h e  c a r t r i d g e  i s  k e p t  below 200  f ee t /minu te .  Under more 
s e v e r e  c o n d i t i o n s  of t empera tu re  and humidi ty  c h a r c o a l  impreg- 
n a t e d  w i t h  potass ium i o d i d e  w i l l  e x h i b i t  s a t i s f a c t o r y  c o l l e c t i o n  
.J . 
e f f i c i e n c y .  
A i r  samplers  may be equipped w i t h  d e v i c e s  f o r  measuring 
and r e c o r d i n g  t h e  a c t i v i t y  c o l l e c t e d  on t h e  f i l t e r .  S tepwise  
o r  con t inuous ly  moving s t r i p s  of f i l t e r  paper  may a l s o  be  used 
i f  a r e c o r d  of t h e  a i r  c o n c e n t r a t i o n  v s .  t i m e  i s  r e q u i r e d .  S u i t -  
a b l e  a la rms  can  be added t o  i n d i c a t e  h i g h  r a d i a t i o n ,  l o s s  of f low 
r a t e ,  etc. 
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T r i t i u m  ox ide  can be sampled by drawing a i r  th rough  
c y l i n d e r s  c o n t a i n i n g  s i l i ca  g e l .  A f t e r  u s e  t h e  sampler  i s  
r e t u r n e d  t o  t h e  l a b  where t h e  c o l l e c t e d  moisure  i s  removed 
by d i s t i l l a t i o n  and analyzed f o r  t r i t i u m  ox ide  c o n t e n t  u s ing  
a l i q u i d  s c i n t i l l a t i o n  c o u n t e r .  The s e n s i t i v i t y  of  such a  
3 system used a t  Savannah River  Laboratory i s  10 pCi/m , u t i l i -  
z ing  3 m l  of d i s t i l l a t e ,  2 1  m l  of s c i ~ t i l l a t i o n . m i x t u r e  and 
a  20 minute  count ing  t ime.  ' ~ e f o r e  r e u s e  t h e  s i l i c a  g e l  needs 
. . 
t o  be  thoroughly  d r i e d  t o  remove a s  much o f  t h e  r e s i d u a l  
m o i s t u r e  (and t r i t i u m  o x i d e )  a s  p o s s i b l e ,  t o  l i m i t  c r o s s  con- 
t amina t ion  of  samples.  
Su r f ace  d e p o s i t i o n  can be monitbred by r e p e t i t i v e  i n s t r u -  
ment surveys  o r  s o i l  sampling a t  f i x e d  l o c a t i o n s  around a  
f a c i l i t y .  A more s e n s i t i v e  and r e l i a b l e  method i s  t o  p e r i o d i - -  
c a l l y  ana lyze  d e p o s i t i o n  c o l l e c t i o n  d e v i c e s  p l aced  i n  t h e  f i e l d .  
These can be g l a s s  wool p a p e r ,  paper  coa t ed  w i t h  a  s t i c k y  sur--  
f a c e ,  t r a y s  of w a t e r ,  o r  e l a b o r a t e  , s o t s  c o n t a i n i n g  s t r i p s  of , 
paper  des igned  t o  s i m u l a t e  g r a s s .  
\ 
Ana lys i s  of such  c o l l e c t o r s  i s  o f t e n  done by a s h i n g  a t  
h igh  t empera tu re  a l t hough  v o l a t i l e  n u c l i d e s  such a s  i o d i n e  anti 
ruthenium w i l l  b e  l o s t  i n  t h e  p roces s .  F l a t  c o l l e c t o r s  can 
be  covered w i t h  a  t h i n  l a y e r  of p l a s t i c  and counted d i r e c t l y  
on a l a r g e  a r e a  p r o p o r t i o n a l  coun te r .  Grass  i s  an  e x c e l l e n t  
medium for t r a p p i n g  surface f a l l o u t  and can  be used  a s  a  
s e n s i t i v e  i n d i c a t o r  of d e p o s i t i o n .  I t  i s  p a r t i c u l a r l y  u s e f u l  
i f  a d e p o s i t  of f r e s h  f i s s i o n  p roduc t s  i s  suspec t ed .  
Food c r o p s  such a s  v e g e t a b l e s ,  c e r e a l  g r a i n ,  meat ,  eggs ,  
and milk  can a l s o  c o n t a i n  r a d i o a c t i v i t y  o r i g i n a t i n g  from a t -  
mospheric r e l e a s e s .  I n  t h e  v i c i n i t y  of l a r g e r  f a c i l i t i e s  where 
s i g n i f i c a n t  q u a n t i t i e s  of f i s s i o n  p r o d u c t s ,  such as i o d i n e ,  
cesium and/or s t r o n t i u m ,  a r e  re . l eased ,  mi lk  should  be  sampled 
approximately  eve ry  two weeks f o r  a n a l y s i s  by gamma s p e c t r o -  
scopy e s p e c i a l l y  f o r  r a d i o i o d i n e  . Composite mi lk  samples can  
be ana lyzed  f o r  l onge r - l i ved  r iucl ides  on a q u a r t e r l y  b a s i s .  
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Other foods should be sampled at harvest time and analyzed 
by gamma spec.troscopy and if 'necessary for 8 9 ~ r  and "5,. 
Bovine thyroids are a more sensitive indicator of the 
presence of radioiodine in the environs than are milk or 
vegetation.. Arrangements can be made with a veterinarian 
to collect thyroid samples at a local slaughter house for 
shipment to the labora,tory for analysis. Sampling of local 
meat and eggs should be done monthly to quarterly with 
' • analysis for gamma emitters and 8 9 ~ r  and 'OSr. 
b) Monitoring related to releases to surface waters 
The release of radionuclides to.streams, lakes, or oceans 
from a nuclear facility can also lead to radiation exposure 
through a variety of pathways. Figure 7 indicates the kinds c~f 
environmental measurements required to define the radiation 
doses to people in the environs. Drinking water, fish, water- 
fowl, and foods irrigated with contaminated water are the 
potential psthways leading to internal dose; fishing aad hunting 
on the shoreline, boating, and swimming, and handling of con- 
taminated fishing gear, are possible pathways leading to external 
exposure. \ 
Samples of receiving waters are logically taken near the 
point of public use, i.e., where the recreation takes place, 
or where the water is withdrawn for drinking or for irrigation. 
If the effluent is so diluted by this time that accurate measure- 
ment of the concentrations is not possible, then sampling nearer 
the discharge point would provide better radiological control. 
Samples of a flowing stream taken upstream of the facility and 
far enough downstream for thorough mixing to have taken place, 
can be compared to estimate the radioactivity added to the 
stream. \ 
Normally radionuclides of very short half-lives will not be 
of great concern and weekly samples of water should be sufficient. 
Determination of long-lived radionuclides can be made in samples 
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con t inuous ly  composited ove r  p e r i o d s  of a  week o r  a  month. 
T h i s  i s  e s p e c i a l l y  advantageous i f  t h e  r e l e a s e  ra te  i s  n o t  
uniform o r  i f  t h e  r i v e r  f l o w  r a t e  i s  v a r i a b l e ,  Measurements 
of g r o s s  b e t a  a c t i v i t y  may be s u f f i c i e n t  when t h e  c o n c e n t r a t i o n s  
a r e  low ( <  -1 0  pCi / l )  a l though '  t h e  presence  of n a t u r a l  uranium 
i n  some s t reams  may d i c t a t e  i s o t o p i c  a n a l y s e s  a t  t h e s e  l e v e l s .  
Samples should be  a s  r e p r e s e n t a t i v e  of wate r  a c t u a l l y  
consumed a s  p o s s i b l e .  Municiple  wate r  p l a n t s  which employ 
f l o c u l a t i o n  and f i l t r a t i o n  s t e p s  w i l l  o f t e n  remove a  s i g n i f i -  
c a n t  f r a c t i o n  of c e r t a i n  r a d i o n u c l i d e s .  For  example, expe r i ence  
w i t h  t h e  wa te r  p l a n t s  a t  Richland and Pasco,  Washington, down- 
s t ream of t h e  Hanford p r o j e c t  i n d i c s t e d  t h e  fo l lowing  removal 
i311 e f f i c i e n c i e s :  90% f o r  51~ r ;  80,% f o r  6  5 , 4 0 %  f o r  Zn, 30% 
fok 6 4 ~ ~ ,  and 2 0 %  f o r  r a r e  e a r t h s .  
D i r e c t  measurements of r a d i a t i o n  exposure  o v e r  s h o r e l i n e  
mud can be made w i t h  s u i t a b l e  p o r t a b l e  i n s t rumen t s  employing 
s c i n t i l l a t i c 7 1  d e t e c t o r s  o r  l a r g e  volume i o n  chambers. S h o r e l i n e  - ' 
exposures  and immersion dose  r a t e s  i n  t h e  wate r  can  be  measur:<d 
w i t h  dos ime te r s  such a s  sma l l  i o n  chambers o r  TLD's l e f t  i n  
p o s i t i o n  f o r  one t o  f o u r  weeks i n  waterproof  c o n t a i n e r s .  
Samples of  sediment upstream and downstream from t h e  d i s -  
cha rge  p o i n t  can  be  c o l l e c t e d  b e f o r e  and* a f t e r  t h e  p l a n t  s t a r t s  
ope ' ra t ing f o r  l a b o r a t o r y  a n a l y s i s .  C a r e f u l  s e l e c t i o n  of samp- 
l i n g  rates and prupez interpretation of results i s  impor t an t .  
The q u a n t i t y  of r a d i o n c u l i d e s  p r e s e n t  a t  a  g iven  t ime i n  a  g i v e n  1 
s h o r e l i n e  l o c a t i o n  w i l l  be  a f f e c t e d  n o t  o n l y  by t h e  r e l e a s e  r a t e ,  
- .  b u t  a l s o  by t h e  r e c e n t  changes i n  s t ream v e l o c i t y  and e l e v a t i o n  
and season  of t h e  yea r  (which w i l l  a f f e c t  t h e  t y p e s  and amounts 
of o r g a n i c  d e b r i s  a v a i l a b l e  f o r  d e p o s i t i o n ) .  
F i s h  and waterfowl  can  c o n c e n t r a t e  rad i 'onuc l ides  through 
a q u a t i c  food c h a i n s .  Even 'up land  game b i r d s  and p o u l t r y  l i v i n g  
n e a r  t h e  water can  a c q u i r e  r a d i o n u c l i d e s  th rough  i n g e s t i o n  of  
contaminated wate r  and a q u a t i c  i n s e c t s .  Samples of f i s h  and 
game b i r d s  should be h a r v e s t e d  i n  season and a t  l o c a t i o n s '  
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a c c e s s i b l e  t o  spor t smen.  P o u l t r y  and eggs  should  be  sampled 
monthly t o  q u a r t e r l y  th roughout  t h e  y e a r .  Where e f f l u e n t s  
are d i scha rged  d i r e c t l y ' t o  t h e  ocean o r  r e a c h  t h e  ocean by way 
of  t h e  r e c e i v i n g  s t r eam,  samples of seafood  i n c l u d i n g  s h e l l f i s h  
should be c o l l e c t e d .  Monthly sampling of a l l  of t h e  above food 
i s  normal ly  s u f f i c i e n t ,  s i n c e  t h e  c o n c e n t r a t i o n  of rad ionuc l ic les  
w i l l  change on ly  s lowly  w i t h  t ime.  
P a s t u r e s  i r r i g a t e d , w i t h  contaminated wate r  should  be 
sampled about  two t o  f o u r  t i m e s  p e r  y e a r  a t  t i m e s  when t h e  
mi lk  from t h e  cows f eed ing  on it i s  be ing  sampled. Gamma 
s p e c t r o m e t e r i c  a n a l y s e s  and rad iochemica l  a n a l y s e s  Tor 8 9 ~ r  and 
'Osr should be performed on e a c h  sdmple. . 
Food c rops  should be  sampled a t  h a r v e s t  and ana lyzed  f o r  
g r o s s  b e t a  a c t i v i t y  u n l e s s  s i g n i f i c a n t  c o n c e n t r a t i o n s  of r a d i o -  
n u c l i d e s  a r e  p r e s e n t .  I n  t h a t  c a s e ,  gamma spec t roscopy  and 
a n a l y s i s  f o r  8 g ~ r  and i s  r e q u i r e d .  *: 
' c )  ' MonSt>toring in r e l a t i o n  t c ?  -~ ,*l .ease  t o  gro::nd 4 
Liquid  was tes  may be r e l e a s e d  d i r e c t l y  t o  t h e  ground o r  
may s e e p  i n t o  t h e  ground from open d i s p o s a l  ponds o r  t r e n c h e s .  
Proper  s e l e c t i o n  and management of t h e  d i s p o s a l  s i t e  w i l l  e l i n ~ i -  
n a t e  most of t h e  environmental  problems. Radionuc l ides  l e a c h i n g  
from t h e  d i s p o s a l  s i t e  i n t o  s u r f a c e  w a t e r s  can be  moni tored by 
c o l l e c t i n g  samples of t h e  l a t t e r  wa te r s .  Where neces sa ry  g r o t a d  
wate r  can be  monitored th rough  w e l l s  sunk around t h e  p e r i p h e r y  
of  t h e  s i t e .  Nuc l ides  which g e n e r a l l y  move f r e e l y  w i t h  under-  
ground water  f low i n c l u d e  tritium o x i d e ,  
106 
Ru and,  i n  c e r t a i n  
c h e m i c a l  complexes, 6 0 ~ o .  Many s o i l s  have a c a p a c i t y  f o r  r e -  
t e n t i o n  of  s t r o n t i u m  and cesium (dependent  t o  some e x t e n t  on 
t h e  pH and chemical  composi t ion of t h e  was te  s o l u t i o n )  and t h e s e  
n u c l i d e s  w i l l  n o t  normally m i g r a t e  a s i g n i f i c a n t  d i s t a n c e  th rough  
t h e  s o i l s  unde r ly ing  t h e  d i s p o s a l  s i t e .  However, tes ts  o f  t h e  
behavior  of r a d i o n u c l i d e s  (from samples of t h e  a c t u a l  e f f l u e n t )  
i n  t h e  p a r t i c u l a r  s o i l  involved  should be  made p r i o r  t o  
. . . .  ' . . .  . . 
establishment of any disposal site.discharging large quantities . 
of radionuclides to the ground. 
3) Emergency Surveys 
These have to be carried.out in situations where accidentz..l 
releases of radioactive materials lead to significant- contami-. 
nation of the environs or high external exposure rates. They 
are generally designed to define the area and extent of the 
i 
contamination spread. 
Detection of an accident will normally depend upon the usual 
procedures for discerning abnormal conditions within the estah- 
lishment and its environs. Should sn emergency occur the immedi- 
ate aim should be to bring it under control, and to reduce to a 
minimum injury to people and damage to property. For this reason 
each installation should promulgate, in detail, specific stand- 
ing arrangements appropriate to all conceivable dccidents for 
which it is reasonable to plan. Clear lines of responsibility 
should be defined for .immed.iate cont.r.ol of 'an accident. at. its,,.. 
source and for initiating appropriate.emergency .. . action.. 
. . . . . . 
The emergency arrangements should provide for the most effec- 
tive use of the resources available by providing for allocatic~n 
of key personnel and facilities for emergency duty, and for the 
effective coordination of all the site services. They should 
also contain provision for assistance from outside the region 
-affected. It is essential that emergency permissible levels 
. . .  should have been established. 
The IAEA has published an excellent manual on environmental 
monitoring in emergencies which discusses in some detail rationale, 
procedures, potential accidents, and factors for converting field 
instrument readings to concentration levels in air, water, soil 
or vegetation. 
Prompt action following the emergency would be essential to 
determin'e the extent of the contamination. In the case of a large 
release of airborne radioactivity containing gamma-emitting radio- 
nuclides, considerable time could be saved in determining 
the areas of serious contamination by conducting a rapid 
gamma survey using portable gamma monitors carried in light 
' aircraft, helicopters, or automobiles. Car-borne and aerial 
survey equipment and techniques have been developed and tested 
in the United States, Canada, and the United Kingdom. 
For the past 10 years a sophisticated aerial radiation 
detection and tracking system has been in operation to assist 
the U. S. Atomic Energy Commission in monitoring the impact 
of nuclear facilities on their environment. The system, re- 
ferred to as ARMS (Aerial Radiological Measuring System), is 
an integral part of the USAEC envir'onmental surveillance pro- 
gram. 
The capability for rapid surveys with car-borne instruments 
has also been developed at the Japan Atomic Energy Research 
Institute's Tokai-Mura facility. Background surveys are per- 
formed about twice a year to provide information on levels of 
natural background radiation at pre-selected points. 
The emergency environmental sampling program should include , - 
the collection of samples of airborne materials, drinking water 
and critical components in the food chain. Where air-monitoring 
networks exist around a facility, samples from the network ma:( 
serve to evaluate radioactive concentrations in the cloud. Where 
iio such networlcs exist, the ca3,lection of air samples may be 
futile unless the release continues over a relatively long period 
o'f time . 
I 
Samples of environmental media should be collected through- 
out the area of contamination to define its boundaries and evalu- 
ate the hazard to the neighboring population. The number and 
types of samples will depend on the utilization of the affected 
area (i.e., whether or not food such as milk, vegetables, eggs 
and beef is produced). The numbers of samples and schedule , 
for resampling will be governed by the duration of the radioactive 
release and the persistence of significant levels of contami- 
nation in the environs.. 
, .  . 
Analyses of samples for gross radioactivity will help to 
define the extent of the contaminated area and to establish 
general levels of contamination. Analyses for specific radio- 
nuclides are necessary, however, to evaluate the extent of 
economic damage to property and the hazard to man and to make 
intelligent decisions with regard to the action required in 
coping with the emergency. 
F) .Typical Surveillance Programs 
A typical program is summarized-in Table 4. 
G )  Manpower and Laboratory Requirements -
The operation of a surveillance program embraces a number 
of activities from.designing the survey, directing the survey, 
collecting s~mples, and analyzing samples, to interpreting 
the data obtained. Professional advice from many sources may 
be required during the planning phase and at least one pro- 
fessionally trained scientist is needed to supervise the pro- 
gram initially. The scientist in charge of the survey should 
have an understanding of, and access to advisors in, sampling 
techniques, operation and maintenance of'counting equipment, 
chemical analyses, statistical evaluation of data, and general 
health physics. 
The number of supporting technical staff needed will depend 
a great deal upon the magnitude and scope of the survey. It is 
generally found that someone with the equivalent of a high school 
education can carry out the routine  procedure,^ used in environ- . 
mental survey work. Training is essential, however, it sairiples 
from the field are to be properly collected and analyzed accord- 
ing to specialized procedures. 
The equipment and laboratory facilities required vary accord- 
ing to the scope of the survey. The measurement of gross activity 
requires the usual facilities of a small chemical laboratory 
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supplemented by r e l a t i v e l y  s imp le  coun t ing  d e v i c e s .  A n a l y s i s  
f o r  s p e c i f i c  n u c l i d e s  w i l l  normal ly  n o t  r e q u i r e  o t h e r  t h a n  
conven t iona l  l a b o r a t o r y  equipment,  b u t  it i s  expens ive  i n  t ime .  
F u r t h e r ,  t h e  s e n s i t i v i t y  of t h e  coun t ing  equipment g e n e r a l l y  
needs  t o  be g r e a t e r  t h a n  i f ,  f o r  example, o n l y  g r o s s  b e t a  
a c t i v i t y  i s  measured. Time may be saved by making u s e ,  when 
p o s s i b l e ,  of  gamma-ray spec t rome t ry .  
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TABLE 4 
. . Vectors o r  Indices 
Surface Water , 
Receiving waters of 





a )  Inhalation 
b) Immersion 
Typical ~nvironmental Surveil 1 ance Program f o r  a Nuclear Power Plant  
Recommended Surveillance Program 
Re1 a t i  ve Frequency Analyses Sampl ing Locations' 
Continuous c.x~~posi  t e ' o r  Gross beta and gamma Stream--above -and be1 ow .the .. 
weekly grab scans. Periodic analysis  f a c i l i t y ;  rese rvo i r ,  bay, 
f o r  H ,  U and P u  w i t h  lake--nearest shorel ine;  any 
frequency a function of nearby domestic water suppl iers  
the  1 eve1 s measured. using the  receiving waters a s  
a raw water source. 
Semiannually Gross beta and gamma Near r e a c t o r ' s  ou t f a l l  o r  
scans. Periodic analysis  above and below the  ou t f a l l  " 
fo r  H ,  U ,  and Pu with i f  the  receiving water i s  
frequency a function of a stream. 
the  1 evel s measured. 
As appl i cab l s  (usually Gross beta and gamma , Suppl i e s  within 5 miles of 
quar te r ly  o r  annually) . scans. the  f a c i l i t y .  ,. 
High-volume samples oc- Gross beta and gamma Populated areas  within 5-1 5 
casional l y  scans of f i l t e r s  and . miles of the  f a c i l i t y .  
Low-vol ume s3mpl es dai 1 y car t r idges .  
or  weekly 
Dosimeters changed monthly Integrated dose due .to 
noble gases by appro- 




f o r  1 
8 9 ~ r  
spectrum analysi 
31 I 
and 9 0 ~ r  or to ta l  
s Dairy herds w i t h i n  10-1 5 miles 
of the f a c i l i t y .  
.Dairy herds within 10-1 5 mi 1 es  
Sr b v  beta analysis  of the  f a c i l i t y .  
TABLE 4 (CONT'D) 
Vectors o r  Indices 
~ ~ u a t i c  bi o ta  
Food crops and other  
vegetation 
Soil 
Re1 a t i v e  Frequency Analyses . 
Variable Gamma spectrum analysis  
f o r  sel ected radio- 
nucl ides 
Seasonal (before o r  a t  . Gamma spectrum analysis  
harvesting time) 
Annual l y  'Osr and 1 3 7 ~ s  or  
gross beta 
Sampl i ng Locations 
Near the r e a c t o r ' s  ou t f a l l  . .  
or  above and below i f  re -  
ceiving water i s  a stream.. 
Within a 10-15 mile radius ; 
of the  f a c i l i t y .  
Prevai 1 i ng downwind di rec- 
t ion  in  nearest  agr icul-  
tura l  a reas .  
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